Purpose-There have been few reports of the development of alcohol involvement from childhood through adolescence. We examined the ages at which children first sipped or tasted alcohol, drank, had 3+ drinks in a row, had 5+ drinks in a row, were drunk, or had alcohol problems in order to describe the types of drinking experience exhibited at each age from 8.5 through 18.0. Sipping and 3+ drinks/occasion have been understudied to date.
not, however, collect ongoing surveillance data on alcohol use among children. The most recent data on U.S. children come from the cross-national Health Behaviour of School-aged Children (HBSC) study and show that weekly alcohol consumption rates increased from age 11 to age 15 for both sexes [4] . Previously unpublished U.S. national and statewide surveys show that alcohol use increases in prevalence between fourth and sixth grades, and that rates have been decreasing over time [5] .
Relatively few studies, however, have described the normative development of alcohol involvement using longitudinal samples followed from childhood into and through adolescence. For example, the Dunedin Multidisciplinary Health and Development Study reported rates of abstention, sipping, and drinking at ages 9, 11, 13, and 15 [6] . The Avon Longitudinal Study of Parents and Children reported rates of ever use at age 10 and of drinking and binge drinking at ages 13 and 15 [7] . In the Seattle Social Development Project, rates of ever drinking were reported for ages 10½ to 18 [8] . Rates of having ever tried alcohol were reported for grades 1 to 7 in a study of 5 grade-cohorts in Oregon [9] . A second study in Oregon described the latent growth of frequency of drinking from ages 9 to 16 [10] .
These previous longitudinal studies are lacking in three important respects: 1) they skipped ages within childhood and particularly in middle adolescence; 2) they assessed only a few alcohol use behaviors; and 3) they treated each behavior independently. In the interest of providing a more useful descriptive epidemiology of alcohol involvement across these life stages, the present paper focused on the distribution of types or classes of alcohol use behavior experienced by each age from age 8 to age 18. With its focus on the profile of alcohol use behaviors experienced by each age, this paper expands the literature on alcohol initiation, which has focused predominantly on age at first drink [e.g., [11] [12] [13] [14] [15] [16] [17] , with relatively few studies of ages of first drunkenness [18, 19] or initiation of alcohol abuse [20, 21] . Importantly, this literature has overlooked the alcohol use behaviors most relevant to child and early adolescent drinking, namely, sipping/tasting alcohol [6, 22] and intake of three or more drinks per occasion, a developmentallyappropriate indicator of binge drinking in this younger, physically smaller population of children [23] . Furthermore, no studies have tried to integrate these initiation ages to permit comprehensive description of the developmental course of progression in alcohol involvement from childhood into and through adolescence.
In the present research, normative progression in involvement with alcohol was assessed using children's self-reports of their initiation of sipping, drinking, binge drinking, drunkenness, and drinking problems. Latent Class Analyses (LCA) were used to identify how many different clusters or patterns of alcohol use experience there were at each age [24] . Unlike previous LCA studies which focused on patterns of current alcohol use [25] [26] [27] , the focus here is on the patterns of alcohol use behaviors children had ever engaged in by each age. The resulting classes or types summarize the cumulative alcohol experience of the children by each age, and changes in the number and characteristics of the classes as the sample ages capture the expansion of their drinking repertoires as they move into and through adolescence.
Methods
Data were collected in the first 14 waves of the Tween to Teen Project, an ongoing longitudinal study of child and adolescent risk factors for drinking [13, 22] . Families in Allegheny County, PA were selected using targeted-age directory sampling and random digit dialing to fill age, gender, racial, and mother marital status quotas: 63% of eligible families agreed to participate and 56% (n=452) completed baseline interviews [22] . Participants did not differ significantly from the other 703 families (Unable to Contacts, Ineligibles, Refusals, Non-completers) on the screening variables of race, child's age cohort, or mother's education [22] . Research procedures were approved by the Institutional Review Board of the University of Pittsburgh. A Certificate of Confidentiality was obtained from the National Institute on Alcohol Abuse and Alcoholism.
The baseline sample was composed of two age cohorts. Of the 452 families, 210 families had an 8-year-old child (118 girls, 92 boys), 242 had a 10-year-old child (120 girls, 122 boys). African American families were oversampled (24% vs. 13% locally and nationally); European American families were 73% (vs. 83% locally, 80% nationally); and two percent were Other (vs. 2.5% Asian and 1.5% Hispanic locally). One-quarter (23%) were singlemother households. Four percent of mothers completed some high school, 15% graduated high school, 14% had vocational training, 24% attended college, 32% graduated college, and 11% had post-graduate education. Nationally, 24% of people aged 25+ had a bachelor's degree.
Computer-assisted interviews were completed at home or in our offices. Child interviews were performed every 6 months (with 1.5 years between Waves 7 and 8). In this cohortsequential design, younger cohort members participated at average ages 8.5 through 16.0 and older cohort members participated at average ages 10.5 through 18.0. This design permits description of a broader age range within a shorter span of years. At Wave 14 (7.5 years after baseline), 82% (n=371) participated. There were no gender or cohort differences in retention, but African-American families were significantly less likely to continue (24% Wave 1 vs. 21% Wave 14). To assess attrition bias, we examined a set of 13 Wave-1 personality, social environment, and behavior measures used previously [22] to summarize psychosocial proneness for deviance in Problem Behavior Theory [28] . Discontinuers differed from Continuers on just one measure (Religious Behavior), and together the 13 variables accounted for only 1.2% of the variance in attrition.
Measures of Alcohol Use Behavior
At each wave, children were asked if they had ever had a sip or a taste of alcohol (beer, wine, or liquor), ever had a drink (not just a sip of someone else's drink), ever had 3 or more drinks on a single occasion, ever had 5 or more drinks on a single occasion, ever been drunk (or very, very high) on alcohol, and ever experienced two or more alcohol problems (hangovers, blackouts, vomiting or passing out) or negative consequences because of their drinking (including trouble with parents, friends, at school, and trouble with the police). Many of these questions were first developed by Jessor and Jessor [28] and have been used extensively since [29] .
For each alcohol use behavior, we determined the data wave at which a child first reported the behavior. If the child reported the same behavior at the next wave as well (confirming their previous report), we used the age at interview for the initial report as a conservative measure of their age of initiation for that behavior. For the present analyses, children were coded at each age from 8.0 to 18.5 as either not having yet initiated (0) or as having initiated (1) each alcohol use behavior. With respect to alcohol problems, children had to report negative consequences in two or more areas within a 6-month period to qualify. Members of the younger age cohort (who participated at average ages 8.5-16.0) were assigned missing values at ages older than their Wave-14 age; members of the older cohort (who participated at average ages 10.5-18.0) were assigned missing values at ages younger than their baseline age.
Analytic Procedures
Latent Class Analysis can be considered a form of cluster analysis that is based on categorical indicators (observed measures) and that takes account of measurement error. Analyses were performed using Latent GOLD 4.0 [30] to determine the number of different patterns (or latent classes) of alcohol use behavior the children had initiated by each age. Separate LCA were carried out for each half-year age group (reflecting the semi-annual data collections) from age 8.5 through 18.0. (Groups aged 8.0 and 18.5 were considered too small.) The average group size was 326.3 (range = 164 -422). Due to the cohort sequential design of the study, no children had data at all ages.
LCAs were performed to determine how many classes were needed at each age to best describe the diversity of alcohol experience. At each age, we examined four LCA models to test whether one, two, three, or four latent classes best fit the data. The best fitting model at each age is generally the one that achieves the lowest Bayesian Information Criterion (BIC), the lowest-order model (smallest number of classes) with a non-significant Likelihood Ratio Chi-square (L 2 ) (following the principle of parsimony), and which produces latent classes with the highest level of homogeneity (similarity of members) within classes and the greatest separation (diversity) among classes [24] . The characteristics of each latent class are described by the pattern of conditional probabilities of a positive response on each alcohol use behavior given membership in the latent class. These response probabilities should differ widely among the latent classes. Table 1 presents the overall mean ages for initiating each alcohol use behavior, as well as mean differences between ages of initiation (for those who initiated both behaviors). Based on paired-sample t-tests, sipping or tasting was initiated significantly younger (3.58 years) than first drink. First having 3+ drinks on an occasion (child binge), first drunkenness, first 5+drinks per occasion (heavy intake), and first experience of 2+ alcohol problems occurred on average about 1.4-1.7 years after first drink. First child binge (3+ drinks) occurred on average about one-half year before first heavy intake (5+ drinks) and first experience of 2+ alcohol problems; and first heavy intake preceded experience of 2+ alcohol problems by about one-quarter year on average. Interestingly, first drunkenness occurred at a younger age than first heavy intake (5+ drinks) but at the same age as first child binge (3+ drinks). Table 2 reports the percentage of children at each age from 8 to 18.5 who had initiated each alcohol use behavior or who were still abstainers. Abstention from alcohol decreased from 63% of 8 year olds to just 2% of 18 year olds. In contrast, sipping or tasting alcohol was common even at age 8 (37%) and became nearly universal by age 18 (96%). Having a drink was rare in middle childhood (5% at age 11.5), but was fivefold greater by the end of early adolescence (25% by age 14.5), and was normative by the end of middle adolescence (63% at age 17.5) . No children and few early adolescents had as many as three drinks on a single drinking occasion. The same was true for drunkenness, having 5+ drinks on an occasion, and having experienced 2+ negative consequences of drinking within a 6-month period. These alcohol behaviors all became more common as the children moved into and through adolescence.
Results

Mean Ages at Initiation of Alcohol Use Behaviors
Prevalence of Alcohol Use Behaviors at Each Age
Establishing the Number of Latent Classes in Each Age Group
The goal of the LCA was to determine how many classes were required to best capture the diversity of alcohol use experience at each age from 8.5 to 18.0 (see Table 3 for results). The characteristics of the best-fitting classes are described in the next section.
For ages 8.5 to 12.5, the BIC for a 2-class solution was significantly smaller than for a 1-class solution. Due to the absence of other alcohol behaviors at ages 8.5-10.5 (see Table 2 ), the L 2 s had negative degrees of freedom and could not be tested for statistical significance.
For ages 11.0 to 12.5, however, the L 2 s had a probability of 1.00 (df=112). The 2-class model fit best for these ages. For ages 13.0 through 18.0, the 3-class solution fit best. It fit better than the 2-class solution, exhibiting a significantly lower BIC and lower L 2 , and all of the L 2 s for the 3-class solution but one (for age 16.0) had probabilities of 1.00 (df=104). The 3-class solution also fit better than the 4-class solution at all ages, even at ages 16.0 and 16.5 where it had slightly larger BICs (due to its better separation among the classes than the 4-class solution at age 16.0, and due to its greater homogeneity within the classes than the 4-class solution at age 16.5). Table 4 describes the latent classes comprising the best-fitting LCA solution at each age. Each latent class can be characterized by its pattern of conditional probabilities across the alcohol use behaviors. A conditional probability close to 1.0 indicates that members of the class had a high probability of having engaged in that alcohol use behavior. A conditional probability close to 0 indicates that members of the class had a high likelihood of not having yet engaged in the alcohol use behavior. Both reflect a high degree of homogeneity within the latent class.
Description and Distribution of the Latent Classes
Two latent classes were found for ages 8.5 through 12.5. Based on the conditional probabilities in Table 4 , these classes can be called Abstainers and Sippers. Members of the Abstainer latent class reported no experience of any of the alcohol use behaviors. The percentage in this class (see Table 4 ) ranged from 62% at age 8.5 to 40% at age 11.5 (the end of middle childhood), 23% at age 14.5 (the end of early adolescence), and 9% at age 17.5 (the end of middle adolescence).
Up through age 12.5, the second, Sipper class consisted of those who reported only having a sip of alcohol and no other alcohol use behaviors. From age 13.0 onward, class members were increasingly likely to also have had a drink of alcohol (see conditional probabilities in Table 4 ), hence the label for the class of Sippers/Light Drinkers. They also had a zero or very low probability of having ever had 3+ drinks on an occasion, ever being drunk, or ever having had 2+ alcohol problems. The prevalence of this class was 39% at age 8.5, 60% at age 11.5 (the end of middle childhood), 71% at age 14.5 (the end of early adolescence), and decreased to 62% at age 17.5 as more of the sample were assigned to the third latent class.
On the basis of their conditional probabilities on the alcohol behavior measures, the third latent class can be called Drinkers with Drunkenness. The character of this class also changes with age. From ages 13.5 to 15.5, this class was characterized by a high probability of having had 3-4 drinks on an occasion and having been drunk, but a low probability of having ever engaged in an adult-sized binge of 5+ drinks. From ages 16.0 to 18.0, the probability was higher of having also had 5+ drinks on an occasion and having had 2+ alcohol problems within a six-month period. The prevalence of this latent class was low prior to middle adolescence (6% at age 14.5), doubled by age 16.0 (14%), and doubled again by age 17.5 (29%).
Examination of the sequence of class memberships for individual children/adolescents, based on their probabilistic assignment to classes, showed that just three of the Abstainers moved directly into the Drinkers with Drunkenness class. Everyone else transitioned into the latter class from the Sipper/Light Drinker class.
Sex and Racial Group Differences in Latent Class Membership
LCA analyses were also run including the covariates of sex and race to test for group differences in alcohol experience at each age. Sex differences were non-significant (p > .05) in all 20 age groups. In comparison with European Americans, more African American children were Abstainers and fewer were Sippers/Light Drinkers through age 13 (see Wald tests in Table 5 ). Although race was generally not significant at ages 13.5 and older, fewer African American adolescents tended to be Drinkers with Drunkenness at most ages.
Discussion
The rationale for the present latent class analyses was that simple reports of the mean ages of onset fail to capture the full picture of child or adolescent experience with alcohol by any given age. Using prospectively derived ages of onset to generate age-specific statuses on the various alcohol use behaviors permitted us to describe the patterns of experience with alcohol exhibited by children at different ages. These classes thus portray the developmental course of alcohol involvement from childhood through adolescence.
A major contribution of the present research was in its illustration of the course of development of sipping or tasting alcohol, a behavior largely ignored by most previous research (but see [6, 22, 31] ). By age 11, fully half of the children had this level of experience with alcohol. By age 18.5, nearly all (96%) had sipped or tasted alcohol. The rates of childhood sipping may be concerning because our earlier research [13] suggests that sipping relates to early-onset drinking which relates to other problematic behaviors in adolescence and young adulthood [12, 15, 16, [32] [33] [34] [35] [36] .
The LCA results suggest that the most common pattern of experience with alcohol through adolescence involved either having sipped/tasted alcohol or having had a drink or two at most on any single occasion with no experience of alcohol problems. Drinking to drunkenness was rarely seen before middle adolescence.
The LCA results illustrate the covariation among the various alcohol use behaviors in ways that other analyses cannot. For example, between ages 13.5 and 15.5 first intoxication and first having 3-4 drinks/occasion were both highly likely to occur but first adult-sized binge of 5+ drinks was unlikely to occur until later, suggesting that drunkenness can result from less alcohol at these ages. This result is fully consistent with recent estimates [23] that children aged 9-13 and girls aged 14-17 can reach blood alcohol concentrations of .08 g/dL or higher (legal intoxication) with just 3 standard drinks within a 2-hour period. These analyses thus buttress the argument that child and adolescent intake of 3+ drinks per occasion should be routinely monitored.
The LCA results further suggest that there is additional expansion in alcohol use experience through middle adolescence. This was shown by the increasing likelihood that drinkers would also have experienced intoxication, heavy intake (5+ drinks), and alcohol problems and negative consequences at ages 16 through 18.
Age differences in the prevalence of these latent classes of alcohol use experience may be used to identify ages at which prevention efforts might be focused. Between ages 11.0 and 12.0, there was a 13% increase (from 52% to 65%) in membership in the Sipper/Light Drinker class (as well as a doubling in the likelihood that sippers in the class would also have initiated drinking). This suggests that prevention efforts might best be targeted for grade 5 to curtail this transition (see also [5] ). Similarly, there is a doubling in the prevalence of the Drinker/Drunkenness class from age 16 to age 17.5 (from 14% to 28%), suggesting that prevention efforts prior to age 16 might usefully focus on deterring the transition from sipping or light drinking into binge drinking, drunkenness, and alcohol problems.
An important limitation of the present research is that it was based on children from a single county with few Hispanic or Asian families and therefore may not generalize to the larger U.S. population. Although the lifetime drinking rates in our sample are comparable to those found in the nationwide NSDUH survey [3] , our rates of ever binge drinking are lower (see Table 2 footnote), implying that estimates of the prevalence of the classes found may be conservative. Moreover, the modest size of the sample and sparseness within the contingency table may have limited both our ability to identify additional classes of alcohol involvement at the older ages and to examine latent class transitions across all of the ages studied. Subsequent research may be able to determine transition probabilities between classes for selected ages. These limitations argue for the need to replicate these analyses in larger, more representative samples. Lastly, drinking was assessed only by self reports. Such data, however, are generally reliable and valid in children [37] and adolescents [38] , and initiation ages in this study were conservatively established using a minimum of two consecutive prospective reports.
Nevertheless, results such as these provide a fuller description of the normative patterns of alcohol involvement from childhood through adolescence. The present data establish that even young children have had some experience with alcohol. Clinicians might consider dissuading parents from letting their children sip given its relation in our sample to early initiation of drinking [13] . The same is true for drinking and for having 3+ drinks on a single occasion. According to the recently published NIAAA Screening Guide [39] , any drinking by children places them at risk for involvement in other problem behaviors. Among adolescents, it is their age and their frequency of drinking which together determine their risk of alcohol problems and whether they should receive a brief motivational interview and possible referral for further evaluation [39, 40] . Further longitudinal research is required to determine just how much drinking and what pattern of alcohol experience engenders the most risk for later problematic outcomes. 
CONTRIBUTION AND IMPLICATIONS
Normative progression was described for a number of understudied alcohol use behaviors as well as for alcohol problems at ages 8-18. Rates of sipping in childhood and of drunkenness and alcohol problems in adolescence were concerning. Screening is recommended at well-patient visits with referrals for further evaluation if necessary. Note. Paired-sample means were based on all participants who had initiated both of the compared behaviors. All differences among paired-sample means are significantly different (p<.05, two-tailed) by paired-sample t-test, except for the single difference indicated by superscript n. Positive paired-sample mean differences in the lower diagonal half-matrix indicate that the row behavior mean was larger (older) than the column behavior mean.
a Mean age of the sample at Wave 14 was 17.2 (SD = 1.0).
Table 2
Percent Table 3 Goodness of Fit Statistics for Latent Class Models by Age (BIC = Bayesian Information Criterion, L 2 = Likelihood Ratio Chi-square). Table 5 Percentage of African American (AA) versus European American (EA) Children in Each Latent Class, by Age. Note. Covariate analyses for ages 13.0 and 13.5 were based on 2-class rather than 3-class results due to only a single AA student reporting 3+ drinks and drunkenness.
